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RELATED APPLICATIONS 

This U.S. Patent Application is a continuation-in-part of U.S. Patent Application 
5 09/899,583, entitled "METHOD AND SYSTEM FOR TRANSPORTING A 
SECONDARY COMMUNICATION SIGNAL WITH A PRIMARY 
COMMUNICATION SIGNAL", and filed on July 6, 2001; which is a continuation of 
U.S. Patent Application 09/085,539, entitled "METHOD AND SYSTEM FOR 
TRANSPORTING A SECONDARY COMMUNICATION SIGNAL WITH A 

10 PRIMARY COMMUNICATION SIGNAL", and filed on May 26, 1 998; which is a 

continuation of U.S. Patent Application 08/731,818, entitled "METHOD AND SYSTEM 
FOR TRANSPORTING A SECONDARY COMMUNICATION SIGNAL WITH A 
PRIMARY COMMUNICATION SIGNAL", and filed on October 22, 1996. U.S. Patent 
Application 09/899,583 is hereby incorporated by reference into this U.S. Patent 

15 Application. 

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
Not applicable 

20 MICROFICHE APPENDIX 
Not applicable 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 
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The invention is related to the field of communications, and in particular, to the 
regeneration of SONET signals to replicate original section and line overhead. 



2. DESCRIPTION OF THE PRIOR ART 
5 Synchronous Optical Network (SONET) nodes transfer user data in frames. The 

SONET frames include overhead information in addition to the user data. The SONET 
nodes alter the overhead information in the SONET frames during transfer. Between two 
SONET nodes, it may be desired to leave the SONET overhead unaltered. Unfortunately, 
this requires installing a direct optical fiber link between the two SONET nodes, so that 
10 there are not any intervening SONET nodes to alter the overhead information. This 
problem becomes acute when a SONET ring needs to be closed by connecting the two 
SONET nodes, but installing a direct optical fiber link between the two SONET nodes is 
too costly. 



15 SUMMARY OF THE INVENTION 

Some examples of the invention help solve the above problem with a 
communication system and method of operation. In some examples of the invention, the 
communication system comprises a first interface system and a second interface system. 
The first interface system is configured to receive a first Synchronous Optical Network 

20 (SONET) signal including first section overhead and first line overhead in a first transport 
overhead and including path overhead and user data in a first payload, and in response, to 
transfer the first section overhead, the first line overhead, the path overhead, and the user 
data. The second interface system is configured to receive the first section overhead, the 
first line overhead, the path overhead, and the user data, and in response, to regenerate the 
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first SONET signal including the first section overhead and the first line overhead in the 
first transport overhead and including the path overhead and the user data in the first 
payload, and to transfer the regenerated first SONET signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The same reference number represents the same element on all drawings. 
FIG. 1 illustrates a SONET frame in an example of the prior art. 
FIG. 2 illustrates a communication system in an example of the prior art. 
FIG. 3 illustrates a communication system in an example of the invention, 
FIG. 4 illustrates a SONET frame in an example of the invention. 
FIG. 5 illustrates a SONET frame in an example of the invention. 
FIG. 6 illustrates a communication system in an example of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Prior Communication System -- FIGS. 1-2 

A brief discussion of a prior communication system is first provided to facilitate a 
better understanding of the invention. FIG. 1 illustrates SONET frame 100 in an example 
of the prior art. SONET frame 100 includes transport overhead 101 and synchronous 
20 payload envelope 102. Transport overhead 101 includes section overhead 103 and line 
overhead 104. Synchronous payload envelope 102 includes path overhead 105 and user 
data 106. 

SONET frame 100 has 810 bytes arranged in 90 columns of 9 rows. Section 
overhead 103 is comprised of nine bytes that are located in rows 1-3 of columns 1-3 of 
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SONET frame 100. Line overhead is comprised of 1 8 bytes that are located in the 
remaining rows 4-9 of columns 1-3 of SONET frame 100. Thus, transport overhead 101 
comprises rows 1-9 of columns 1-3 of SONET frame 100. 

Line overhead 105 includes pointers to the beginning of synchronous payload 

5 envelope 102. As indicated by the pointers, one synchronous payload envelope may end 
and another may begin at various points in SONET frame 100 after transport overhead 
101. Path overhead 105 is comprised of nine bytes that are located in rows 1-9 of the first 
column of the synchronous payload envelope 102. Synchronous payload envelope 102 
also carries user data 106. The following tables illustrate the location and content of the 

10 SONET overhead bytes. 
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SONET OVERHEAD 


TYPE 


BYTE 


DESCRIPTION 
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Framing that marks beginning of frame 
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OAM&P data for control, configuration, monitoring, alarms, etc. 
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OAM&P data for control, configuration, monitoring, alarms, etc. 
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OAM&P data for control, configuration, monitoring, alarms, etc. 
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FIG. 2 illustrates communication system 200 in an example of the prior art. 
Communication system 200 includes nodes 201-207. Source node 201 is coupled to 
5 Add/Drop Multiplexer (ADM) node 202. ADM node 202 is coupled to repeater node 
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203. Repeater node 203 is coupled to repeater node 204, and repeater node 204 is 
coupled to repeater node 205. Repeater node 205 is coupled to ADM node 206. ADM 
node 206 is coupled to destination node 207. 

Overhead termination entails the interpretation and processing of incoming 
5 overhead bytes, and the generation and transfer of outgoing overhead bytes. Source node 
201 and destination node 207 are Path Termination Elements (PTEs) because they 
terminate the path overhead in the SONET frames. Thus, source node 201 and 
destination 207 exchange their own end-to-end path overhead. Nodes 201-202 and 206- 
207 are Line Termination Elements (LTEs) because they terminate the line overhead in 
10 the SONET frames. Thus, the ADM nodes 202 and 206 exchange line overhead with one 
another and with source node 201 and destination node 207. All nodes 201-207 are 
Section Termination Elements (STEs) because they all terminate the section overhead in 
the SONET frames. Thus, the all nodes 201-207 exchange section overhead with their 
neighbor nodes. 

15 In operation, source node 201 transfers SONET frames to ADM node 202. ADM 

node 202 terminates the line and section overhead and transfers corresponding SONET 
frames to repeater node 203 that have a different line and section overhead than the 
SONET frames received by ADM node 202. Repeater node 203 terminates the section 
overhead and transfers corresponding SONET frames to repeater node 204 that have a 

20 different section overhead than the SONET frames received by repeater node 203. 

Repeater node 204 terminates the section overhead and transfers corresponding SONET 
frames to repeater node 205 that have a different section overhead than the SONET 
frames received by repeater node 204. Repeater node 205 terminates the section 
overhead and transfers corresponding SONET frames to ADM node 206 that have a 
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different section overhead than the SONET frames received by repeater node 205. ADM 
node 206 terminates the line and section overhead and transfers corresponding SONET 
frames to destination node 207 that have a different line and section overhead than the 
SONET frames received by ADM node 206. 
5 Note that the SONET frames transferred by source node 201 differ from the 

SONET frames received by destination node 207 because the line and section overhead 
are terminated in transit. 

Consider a situation where source node 201 and destination node 207 are in a first 
communication service provider, but nodes 202-206 are in a second communication 

10 service provider. The first communication service provider (nodes 201, 207) may use the 
second service provider (nodes 202-206) to connect source node 201 to source node 207. 
Unfortunately, nodes 202-206 alter the line and section overhead between source node 
201 and destination node 207. This overhead alteration may not be desirable to the first 
communication service provider, especially if the second service provider is being used to 

15 close a SONET ring for the first service provider. 

New Communication System - FIGS. 3-6 

FIGS. 3-6 and the following description depict specific examples to teach those 
skilled in the art how to make and use the best mode of the invention. For the purpose of 
20 teaching inventive principles, some conventional aspects have been simplified or omitted. 
Those skilled in the art will appreciate variations from these examples that fall within the 
scope of the invention. Those skilled in the art will appreciate that the features described 
below can be combined in various ways to form multiple variations of the invention. As 
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a result, the invention is not limited to the specific examples described below, but only by 
the claims and their equivalents. 



Example #1 

5 FIG. 3 illustrates communication system 302 in an example of the invention. 

Communication system 302 includes LTE nodes 303 and 307 and STE nodes 304-306. 
LTE node 303 is coupled to communication system 301 over link 311. LTE node 303 is 
coupled to STE node 304 over link 312. STE node 304 is coupled to STE node 305 over 
link 313, and STE node 305 is coupled to STE node 306 over link 314. STE node 306 is 

10 coupled to LTE node 307 over link 315. LTE node 307 is coupled to communication 
system 301 over link 316. 

The term "STE node" indicates a node that terminates section overhead, but does 
not terminate path overhead or line overhead. The term "LTE node" indicates a node that 
terminates line overhead and section overhead, but that does not terminate path overhead. 

15 The term "PTE node" indicates a node that terminates path overhead, line overhead, and 
section overhead. 

LTE nodes 303 and 307 could be ADMs, cross-connects, or some other elements 
that terminate line overhead and section overhead. STE nodes 304-306 could be 
repeaters, amplifiers, or some other elements that terminate section overhead. 
20 Communication system 301 may include its own PTE nodes, LTE nodes, and STE nodes. 

Communication system 301 transfers SONET frames to LTE node 303 over link 
311. LTE node 303 terminates the line and section overhead in these SONET frames. 
LTE node 303 transfers corresponding SONET frames to STE node 304 over link 312. 
Note that these corresponding SONET frames have new line and section overhead in their 
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transport overhead, but these corresponding SONET frames also include the original line 
and section overhead that was terminated by LTE node 303 in their payload. 

STE node 304 terminates the section overhead and transfers corresponding 
SONET frames over link 313 to STE node 305, and these corresponding SONET frames 
5 also include the original line and section overhead in the payload. STE node 305 

terminates the section overhead and transfers corresponding SONET frames over link 314 
to STE node 306, and these corresponding SONET frames also include the original line 
and section overhead in the payload. STE node 306 terminates the section overhead and 
transfers corresponding SONET frames over link 3 15 to LTE node 307, and these 
10 corresponding SONET frames also include the original line and section overhead in the 
payload. 

LTE node 307 terminates the line and section overhead and transfers SONET 
frames over link 316 to communication system 301. LTE node 307 places the original 
line and section overhead back in the transport overhead of the SONET frames 

15 transferred back to communication system 301 . Thus, the SONET frames transferred to 
communication system 301 replicate the section and line overhead of the SONET frames 
received from communication system 301. These SONET frames also have the same 
path overhead and user data which remained unchanged by communication system 302. 
FIG. 4 illustrates SONET frame 400 in an example of the invention. SONET 

20 frame 400 represents a SONET frame transferred from communication system 301 to 
communication system 302 over link 311. Because of line and section overhead 
replication, SONET frame 400 also represents the corresponding SONET frame 
transferred from communication system 302 back to communication system 301 over link 
316. SONET frame 400 includes transport overhead 401 and synchronous payload 
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envelope 402. Transport overhead 401 includes section overhead 403 and line overhead 
404. Synchronous payload envelope 402 includes path overhead 405 and user data 406. 

FIG. 5 illustrates SONET frame 500 in an example of the invention. SONET 
frame 500 represents the corresponding SONET frames transferred between nodes 303- 
5 307 (although section overhead 503 would still change from node to node). SONET 
frame 500 includes transport overhead 501 and synchronous payload envelope 502. 
Transport overhead 501 includes section overhead 503 and line overhead 504. Note that 
transport overhead 501 in frame 500 has different line and section overhead from 
transport overhead 401 of frame 400. Synchronous payload envelope 502 includes 

10 section overhead 403, line overhead 404, path overhead 405, and user data 406. Note that 
synchronous payload envelope 502 of frame 500 includes original section overhead 403 
and line overhead 404 that was terminated by LTE node 303. 

LTE node 307 would terminate section overhead 503 and line overhead 504 of 
SONET frame 500. LTE node 306 would retrieve original section overhead 403 and line 

15 overhead 404 from synchronous payload envelope 502 and place original section 

overhead 403 and line overhead 404 back in the transport overhead to replicate SONET 
frame 400 for transfer to communication network 301 . 

For clarity, this example shows that section overhead 403 and line overhead 404 
are transferred between LTE nodes 303 and 307 in the same synchronous payload 

20 envelope 502 that also transfers path overhead 405 and user data 406. Alternatively, 

section overhead 403 and line overhead 404 could be transferred between LTE nodes 303 
and 307 using other techniques, such as: 1) in available space in the SONET overhead, 2) 
in a different synchronous payload envelope, 3) over a different SONET path, 4) over a 
different SONET connection, or 5) over a non-SONET connection. 
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As viewed by communication system 301, communication system 302 does not 
appear to alter the section and line overhead of the SONET frames transferred from link 
3 1 1 to link 316. Thus, communication system 302 appears as an optical fiber to 
communication system 301 . This fiber-like appearance can be very desirable to 
5 communication system 301 , especially if communication system 302 is being used to 

close a SONET ring. Advantageously, communication system 302 can provide this fiber- 
like appearance without installing a direct optical fiber from link 3 1 1 to link 3 1 6. 

In the context of the invention, the term "section overhead" means all of the bytes 
in the section overhead or only a portion of the bytes in the section overhead. In the 

10 context of the invention, the term "line overhead" means all of the bytes in the line 
overhead or only a portion of the bytes in the line overhead. In the context of the 
invention, the term "path overhead" means all of the bytes in the path overhead or only a 
portion of the bytes in the path overhead. Thus, the term "overhead" requires at least a 
portion of the bytes for that type of overhead, but does not require all of the bytes for that 

15 type of overhead. 

Example #2 

FIG. 6 illustrates communication system 602 in an example of the invention. 
Communication system 602 includes interface systems 603-604 and optical network 605. 
20 Interface system 603 is coupled to communication system 601 by optical wavelength 611. 
Interface system 603 is coupled to optical network 605 by optical wavelengths 612-615. 
Optical network 605 is coupled to interface system 604 by optical wavelengths 612-615. 
Interface system 604 is coupled to communication system 601 by optical wavelength 611. 
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Optical wavelengths 611-615 traverse optical fibers (not shown). Optical 
wavelength 61 1 could be the same or different from optical wavelengths 612-615, but 
optical wavelengths 612-615 are different from one another. 

Interface systems 603-604 could be comprised of SONET ADM equipment, 
5 optical cross-connect equipment, and Wavelength Division Multiplexing (WDM) 

equipment. Optical network 605 could be comprised of optical fibers, WDM equipment, 
optical cross-connect equipment, optical repeaters, and SONET equipment. 

Interface system 603 receives a SONET signal over optical wavelength 611. The 
SONET signal includes section overhead and line overhead in the transport overhead, and 
10 includes path overhead and user data in the payload. In response, interface system 603 
transfers the section overhead, line overhead, path overhead, and user data to optical 
network 605 over optical wavelength 612. 

Optical network 605 receives the section overhead, line overhead, path overhead, 
and user data from interface system 603 over optical wavelength 612. Optical network 
15 605 transfers the section overhead, line overhead, path overhead, and user data to 
interface system 603 over optical wavelength 612. 

Interface system 604 receives the section overhead, line overhead, path overhead, 
and user data from optical network 605 over optical wavelength 612. Note that this is the 
same overhead and data received by interface system 603. In response, interface system 
20 604 regenerates the SONET signal including the section and line overhead in the 
transport overhead and including the path overhead and user data in the payload. 
Interface system transfers the regenerated SONET signal to communication system 601 
over optical wavelength 611. 
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In some variations, interface system 603 receives the SONET signal over single 
optical wavelength 61 1 and transfers the section overhead, line overhead, path overhead, 
and user data to optical network 605 in parallel over multiple optical wavelengths 612- 
615. Optical network 605 transfers the section overhead, line overhead, path overhead, 
and user data to interface system 604 in parallel over multiple optical wavelengths 612- 
615. Interface system 604 receives the section overhead, line overhead, path overhead, 
and user data in parallel over multiple optical wavelengths 612-615. Interface system 604 
transfers the regenerated SONET signal over single optical wavelength 611. 
Advantageously, this variation allows communication system 602 to use lower speed 
links to close a high-speed SONET ring. For example, optical wavelength 61 1 could be 
operating at 10 Gigabits/second, and optical wavelengths 612-615 could each be 
operating at 2.5 Gigabits/second. Thus, communication system 602 appears as a single 
high-speed optical wavelength to communication system 601, but communication system 
602 is able to use its LTEs, STEs, and lower speed optical wavelengths. 

In some variations, communication system 601 is part of a first communication 
service provider, and communication system 602 is part of a second communication 
service provider. The first communication service provider transfers the SONET signal 
to interface system 603 and receives the regenerated SONET signal from interface system 
604. Communication system 602 in the second communication service provider may 
close a SONET ring for the first communication service provider. 

In some variations, communication system 601 is a customer of a communication 
service provider represented by communication system 602. The customer transfers the 
SONET signal to interface system 603 and receives the regenerated SONET signal from 
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interface system 604. Communication system 602 in the communication service provider 
may close a SONET ring for the customer. 

In some variations, interface system 603 transfers the path overhead and the user 
data by transferring a new SONET signal that includes new section overhead and new 
5 line overhead in the transport overhead and that includes the path overhead and the user 
data in the payload. 

In some variations, interface system 603 transfers the section overhead and the 
line overhead by transferring a new SONET signal that includes the section overhead and 
the line overhead in the payload. 
10 In some variations, interface system 204 receives the path overhead and user data 

by receiving a SONET signal that includes new section overhead and line overhead in the 
transport overhead and that includes the path overhead and user data in the payload. 

In some variations, interface system 204 receives the original section overhead 
and line overhead by receiving a SONET signal that includes the original section 
15 overhead and line overhead in the payload. 

In some variations, optical wavelengths 612-615 could be the same, but physically 
separated on different fibers. 



CLAIMS: 
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